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ye s.az.zsrizs and Gmcus, here :he resul:, 0: 
;sra1 ialcUlatio"S ‘23"ceP"ing me inCOherent 
.or*ctlon betueen ssc beams virhln an interactton 

rejion (IR,. but way rrom the crossing po,nr (IP). 
Ye shall .,,uslB mar both beams COnsiSL or protons. 
Tnl,. the baa99 Cross at a sm.11 b”f nonzero angle (a1 
an, have no shleldlng between them only ror a 1im,te* 
dlotance (L) on either Jld, or the cro,,in!3 point (see 
rIgWe). 

SePeo::: 
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1 o I- CUrrC”l 
One IR. looking down 

lb. ro11owina genera1 dcflnlLlo"s and 
~b,.,r"a:Lo", Will be Used Ilberauy: 

,?,a dl,tance bscuaen bunche, In a beam is d. 
T~u,, a bunch travel, . dl,tance d/Z between point, aL 

:icil it. 1, *+ the 0.m. azlmurh a, a b”“Ch rrom the 
~ppJsIn!3 be.m. Assuming no de”lafion from the 
,‘roighC-linc paths Show” I” the rlgwe. i.e.. on the 
elostd orbit in the 1Ldt cd *et-o beam-beam 

\taraction. the disfrnce bet”,,” such parrning bu”ch,, 

ii. 
-.a\ 81. where s Ls Che (alCebralc) dtotanc, to th, 

m. b,:, lu,ctMJ, In a field-Wee IR depend on J 
===ord~ng TV n -n*tl’(S/ni)‘]. chars ! LS x or y. 
since :yPlcallY M*. II 1s Ch", c1aaa. over most or 
~34 IR. to sala?. rd de or a bunch alcmg the i-axis 
'dspsnds on,,,df'muYLh .OooPding to 
OiiOl(,)lei! I ~tOil~i1. 
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Closed-Orbit Dl,tortion 

me ho.-lzO”t.1 clo,ed orbit distorrlon In aLt.bsr 
beam at .rLmith s d”e to long range be,m-baam 
interec:io”, I” M IR ce”tered at s-0 I, given by 
(cr. Rer. 1. eq.(2.94)) 
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:,, ror~~la;i”; thi, expression. ‘de have assumed th.t 
tne di,r..“C2 berue*” wpoaing b”“ches-that pa,, at 
*Zim”tn ; is the noninteracring “al”* a(,/. We have 
.:,a taken the liberty of 9me.r~“; t.,e chsr&~e that one 
,?a* sse3 In tne opposing beal ,“LO a Szl3Oih ““bunched 

115LT!CJU:IO?. we ha”* alsO *,,,,n9: mat Lh? l-*rere”ce 
p3int 5 is not conra!“ed in the i? in q”Bs~lo”. and 
(see beloi) thaz Lh%-.5 are “” exce~:lO”al 63~s I” thii 
DEe9. 

aen LB’, “hiih *s ths case r-r mast or me 
;-l”tegrationxin (1,. me **cod 1ntepd in sq”*Pe 
br.~il.s~, is appr~ximazely (n/2) sgn t. Therefore. lt 
r011ovs rrom (1) that 

-co,CIJo +f& -“(“+I 
xc/.xbl = x 

,l”Wx r&r~11 - (2) 
x 

For a reprearntarive eattmare or th. qu.ntity 1” 
curved brrcket,. L.Ne N-10’. , w50ur,d. t4Om. d-k 
q.T". E-20 Te". Then 

I($)(%,) - 10: . 

Thus long range errecer in ,evera1 IR can causs the 
beans at tha IP In . dlSti"cC IR to miss. oi- .L lelst 
to hit very much ,fr ce”f,r. ir no corrcetl”e measures 
a-0 Lake”. 

Equation (1) ia to be rodlf‘ad in a 
sCrrlghtrorv.rd way “he” , is c.XL.inti in the IR 
uhn,c long range erred, sr.s being ealuatad. when 
th,, modlftcatlon 1, taken inLo aC&J"t. one fL”.d, 
th.t an IR ~m,t~ib~te, zero Lo th. .A,,ed-orbit 
dlatortton (although not t0 it, derlvatlv,) ,t it, 0~” 
IP [although not. at the If", in other IR’,). 

L.C I .nd B repmsmnt th. vartloll ““o”lc.1 
.oCio” .ndY.“gla br the 1ins.r colliSlO~f"~ p.rC Or 
tba squ.tlons or motion of. proton in OM or Che two 
accng* rmga. Than the long ra"~. b-bean 
inc~~.~t,c.ns in a single IR make the fOllOWi!lg 
cantributlon (up to m ov,r,ll phue: fm- #mall a: and 
Co lc.dlng wder in po;r,r, or Iy) CO tb. FOurier 
OaefrlCIent or exp Iw,ey+2.m/cy~ In Cha proton', 
oomp1et, HamiltonIm. - -.- 
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vherc C I, the ,torage ring ClPXdS~=“C~, Uld <I > iS 
squivaknt to O’/B - (.*)'/n=. ExPrcsrian (4)Yl. P 
nonlinear general~zah,n orYthe YZ.raule. derived 1, 
Mr. 2. Thl, expresalan i, valid 2, 1Ong PI the bears 
sapararion IS ““ch lart?er than Lb, b,,ID Width, 
0 <<1S)O# ,.e.. 0*<<e.*- ano as long 1s cc1 ICI '%2 

tl ,z[.,s*,g]. A, :n th~‘precedlng ,cct1on.Y J 
>I 

ha”, 
1mp1icitYy Ydeb”n;hed me charge distributlcn in the 
Opjosinq bCT3C. ina sala expressicn. with y replacacl 
by Y. deSCrlbL.5 the coerrici2n: or exp I(“*Bx f 
.?Z”S/f). 



ExpressiD” (4) is to be compare: uit.h the 
cl~“lr”de or thD contribuiion diia to tn? p:irary 
b’laz-bxlc collision at tne CenLeP OI Lh9 IR. Once 
RF3izl ?17”O?i”3 the b”nchi?s or r.?? opgo*i”j bCb5. ‘22 
o3iain ri1is magnif”dd by :or.c:?.~ L”S co.z,;na;Lo:, 

D , 
~L.,)ily> “In Ikri 

c-: -p-J-- vi r 0 cr: ’ (5) 

where the rYnCLlo”* R and 0’ tl>ve 02.3 tabulated by 

IS the priomy beam-bean runesnirr. 

In the acconpanying table, ve give rough values 
Ior th? ratio or expresslo” (41 to exPPessi0” (5). for 
dirrerent Yalues or r, and d‘llereni value¶ or I” 1, 
for the parameter values give” in the precedY”g 
S~C:*O?,. supp*eaente* by b”-.ooz. The blanks 

read from the associated grap!, in Rec. 2. It seers 
clea? tnat I” this case Lhe snort-ranze non1*nearire* 
domlnara, eYe” though the long-ranaa Interactions can 
produce a linear t”neshi:t 

not Specially C0PPeCt.e~. 
b”“Eh night mareby 

the” I”Ch a gap-e”cn;-.re?iF& 
euentuzlly become sigc:licant?y 

de;radt?d. elrhc.” b?cxl”SP or repeared L1Stabl2 
off-canter close 3oaz-5e21 ca?llslons. a!- be:L”st i>’ 
t’J?.E is s?Irted cr:: ‘.‘9 nz?Poy ran39 “!L’~!‘. UYiC 
k:-2;1?-53 “iia-cuTrel: btx!-,em c511i,i0*, are *zi51t. 
:.a t?l:s UZY. a sap Ir. one bi121 c:;nL crez.ce 07 ‘lie., 21 
32: in the OPP3Si”i bCdlE. rnich CT,id i: zlx 
e1tnina:e or *cgraoe COPB bunches 1" the firs: bezt 
and 50 07. one is reninded or the dl:-t?3tl"j 
rJroraSonlsr in the eleEtrOniC arcade game =Paz-Yz?." 

Several POSSible c”res for thtt problez were 
mentioned at this Workshop: (1) sepsrstc :‘LTc and 
orbit control fo? separate bunches. (2) 11s.s Of 
non-superconducting and/or “ide-aperture nl&~*~s in 
the VlCinitY Or the &r: s~~2em. In this v~. OnF 
nl~ht be able to forego S gap I” fhS barn, brtaux 
then beam loss during the o”sSL of abwt might “3: be 
so daasglng. (3) Oevelopnent of novel fu: abort 
mbthods, perhaps “sing RF Kickers. 
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“Pat?Ma”” srrect 

A substantial long range tuneshilt and/or long 
range closed orb‘t distortion beco.oes problesatical 
when L!M SSC beam contain long O>d) Saps. Such Saps 
were considered SL Lhls iiorkshog as a means of keep,nS 
high-intensity beam avay Iron a” abort system betveen 
the Line the systes turns on. and the time it uhlch it 
1s fully pov%wd. 

Imagine nw a bunch that eilie~s a” IA uhe” part 
or a gap in the opj,osl”S bean is also passt”S thrO”Sh 
the same IR. This b-inch passes fewer than the full 
&L/d opposl”S bunches thCL it uould pass ‘f the Sap 

.YePe not present. Ihus this IR contribUtes leaa to 
tne long-range tuneshtfx or this bunch, and LO its 
closed Orbit distortion/i” other IR’s. ifian “hat It 
would clntrlbute ir the Sap were “35 pre&%. This Ip. 
al*O “WA m3kes a “OIlZerO cnniribution at .lt,S Wd” I? to 
the clo;cd-oPbit disLO7ZL3a OT this bunt::. 

One c.z” imaine thd‘ iT tnese changes. which 
dts:lrlg”ish such a bunch from the typical bunch. wet-e 

. 


